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A summary of the Chiba Section, Japan: a proposal of Global Boundary Stratotype Section and 
Point (GSSP) for the base of the Middle Pleistocene Subseries
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Abstract 
We propose the extensively studied Chiba section of the Chiba 
composite section (CbCS) as the Global Boundary Stratotype Sec-
tion and Point (GSSP) to deﬁne the base of the Middle Pleistocene 
Subseries and Chibanian Stage. The CbCS is a continuous and ex-
panded marine sedimentary succession within the middle of the Ko-
kumoto Formation, Boso Peninsula, Chiba Prefecture. It contains 
well-preserved pollen, marine micro- and macrofossils, a tightly-de-
ﬁned Matuyama–Brunhes (M–B) paleomagnetic polarity boundary, 
and numerous tephra beds, allowing the establishment of a robust 
and precise chronostratigraphic framework across the Lower–Mid-
dle Pleistocene boundary. Its deep-marine, open-ocean continental 
slope setting, coupled with high sedimentation rates with no evidence 
of abrupt deposition, has resulted in preserving both terrestrial and 
marine environmental changes in and around Marine Isotope Stage 
?? (MIS ??). We have performed high-resolution oxygen isotope anal-
ysis, as well as detailed sedimentological, geochemical, and biostrati-
graphic studies of the CbCS, confirming the completeness of the 
stratigraphic interval spanning the Lower–Middle Pleistocene 
boundary. The M–B polarity boundary serves as the agreed primary 
guide for the Lower–Middle Pleistocene boundary, and the CbCS 
represents one of the most detailed marine sedimentary records yet 
obtained for this reversal, yielding an astronomical age of ???.? ka 
with a duration of ca. ?.? kyr. This section therefore offers an excep-
tional opportunity to calibrate the geological time scale as well as 
understand the dynamics of the geodynamo. The widespread Byk-E 
tephra lies close to the reversal, allowing precise regional lithostrati-
graphic correlation. The CbCS is easy to access from international 
airports. The section will be permanently preserved and maintained 
by the local government as a natural monument. Based on these at-
tributes, the base of the Byk-E tephra bed in the Chiba section is the 
best horizon for establishing the GSSP that will deﬁne the Lower–
Middle Pleistocene boundary.
Keywords: Global Boundary Stratotype Section and Point (GSSP), 
Lower–Middle Pleistocene boundary, Chiba composite section, 
Matuyama–Brunhes boundary, Marine Isotope Stage (MIS) 19
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Fig. ?. Location and setting of the Chiba composite section, Kokumoto Formation, in the Kazusa Group, east-central part of 
the Japanese archipelago. (a) and (b) Oceanographic and atmospheric setting of the Japanese archipelago in summer. Loca-
tion of the westerly jet during summer is based on Zhang et al. (2011). Positions of the major ocean currents in the North 
Paciﬁc are drawn based on Brown et al. (2001). Ocean temperature gradient in these ﬁgures are based on the World Ocean 
Atlas 2013 (Locarnini et al., 2013) drawn by Ocean Data View software [URL1]. An arrow ﬂowing from the Japan Sea to 
Paciﬁc Ocean in Fig. 1b is the Tsugaru Warm Current (TWC). The boxes mark the location of Fig. 1b and 1c, respectively. 
(c) Potential vegetation map of the Japanese archipelago simpliﬁed from Yoshioka (1973). The locations of the borehole 
drilling cores, sections, and an Antarctic ice core referred in discussion are shown. Abbreviations: Chiba composite section, 
CbCS; Montalbano Jonico section, MJS; Valle di Manche section, VdM. Modiﬁed from Suganuma et al. (2018).
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3???????
CbCS??????????????????????
??????????????1969???????????
???????????CbCS????????????
?????????????????M–B???Ku2?
?????? 30 m????????Niitsuma?1971???
??1976???????????1984??????????
???????????????M–B???Ku2???
??? 50 m????????????M–B??? 2 m?
???????????TNTT?????????????
???Okada and Niitsuma?1989????????????
?
??
?
??
?????????? TNTT???????M–B?
????????????????? TNTT??????
?????????????????????????
?Byk-A?D????????Byk-E??????????
?????????Kazaoka et al., 2015??????Tsu-
nakawa et al.?1999?????????????????
M–B???????????????????????
Aida et al.?1995?????1997????????2011????
?????????????M–B???Byk-E????
?? 1.5–2.0 m???????????????????
????????????????M–B????????
??????????????????????????
??
???Suganuma et al.?2015????????????
???????????????????????????
???????????????????????????
?????M–B???Byk-E??????? 0.8 m??
???????????????Hyodo et al.?2016???
???????????????????????????
M–B???Byk-E?????? 1 m?????????
??????????????Okada et al.?2017????
???????????????????????????
?10 cm???????????????????????
?????M–B?????????????????
Byk-E?????? 0.2 m?? 1.95 m????????
??????M–B???Byk-E?????? 1.1 m??
??????????Figs. 5, 6????????Suganuma 
et al.?2015????Hyodo et al.?2016?????????
??????????CbCS????M–B???Byk-E
??? 1 m????????????????Fig. 5??
????????CbCS????M–B???MIS 19c
?????????????? 772.9 ka????????
??????Suganuma et al., 2018????M–B????
????????773.1 ka; Channell et al., 2010; Chan-
nell, 2017?????????772 ka; Valet et al., 2014??
???????????????????????????
???? 10Be????????????????M–B?
?????772 ka; Valet et al., 2014; 770–772 ka; Suga-
numa et al., 2010; Simon et al., 2016; 768.5–776.0 ka; 
Simon et al., 2017??????????????????
????????EPICA Dome C?? 10Be???????
?????????771.7?6.0 ka??????????Ant-
arctic Ice Core Chronology 2012?AICC2012?; Bazin et 
al., 2013??CbCS??????????????????
??? /???????????????????????
????CbCS?????????? 1.9 kyr?????
?Okada et al., 2017??? ? ? ? ? ? ??2.9–6.2 kyr?
?Channell et al., 2010????????????CbCS?
??????????Byk-E????U-Pb?????
M–B??????????? 771.5?7.2 ka????
4??????
??????????????????????????
???????????????????????????
????????–??????????????????
?????????Satoguchi and Nagahashi, 2012???
???????????????????????????
????????–??????????????????
?????????, 1980; ????, 1994; ??, 1995; ?
???, 1999; ????, 2000; ????, 2000; Suzuki et 
al., 2005??
4.1. Byk-E????Byk-E??????????????
???????? L–M????????????????
? ? ??Okada and Niitsuma, 1989; Kazaoka et al., 
2015; ????, 2016??CbCS?????Byk-E????
1.0–5.0 cm?????????????????????
???????????????????????????
????????????????????????????
???????????????????????????
????????????Byk-E???????????
?? YUT5????????????Takeshita et al., 
2016??
Byk-E??????????????????????
???????????????????????????
??Suganuma et al.?2015???Byk-E????????
???????????? SHRIMP?Sensitive High-Res-
olution Ion Microprobe?U-Pb????????Byk-E?
?????????? 772.7?7.2 ka????????
Byk-E?????CbCS????M–B????????
?????????M–B???????????????
???????????????????????????
???????
4.2. ????????CbCS????Byk-E??????
????????????????Kazaoka et al., 2015; 
Nishida et al., 2016; Suganuma et al., 2018??Byk-E?
???????Byk-A?D?? 4???????CbCS?
??????????? Tas?A–C???? Tap?A???
B???????Kazaoka et al., 2015??????????
???????????????Fig. 5??
5?????
CbCS??????????????????????
14 ??????? GSSP????? 2019?1
Fig. ?. Detailed stratigraphic correlations of the Chiba composite section between the Urajiro, Yanagawa, Yoro River, Yoro-
Tabuchi, and Kokusabata sections in comparison with a drilled core (TB-2 core) near the Chiba (proposed GSSP) and Yoro-
Tabuchi sections (Hyodo et al., 2016). The stratigraphic correlations are based on lithological changes and marker tephra 
beds. Sampling horizons for paleomagnetic (thin horizontal bars), δ18O (light blue lines) measurements (Suganuma et al., 
2015; Okada et al., 2017; Suganuma et al., 2018), pollen (orange squares), and marine microfossils (calcareous nannofos-
sils: red triangles and radiolarians: purple triangles) are shown in the ﬁgure. Modiﬁed from Suganuma et al. (2018).
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???????MIS20????MIS18????????
????????????????Figs. 6, 7???????
???????Termination IX???MIS19????
MIS18???????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????0.24? /°C????
????????????0.5? /salinity??Oba et al., 
2006????????CbCS??????????????
?????????????????????50 m, Globi-
gerina bulloides????????100–200 m, Globorotalia 
inﬂata???????????????????????
Termination IX???????????????Younger 
Dryas???????????????????????
???????MIS19????MIS18????????
?????????????????????Fig. 7????
???????????????????????????
???????????
MIS19???????????????????????
CbCS??????????????????????
??????????????????Termination IX?
??????????????????????????
??????????????????EPICA Dome C??
??????Augustin et al., 2004; Jouzel et al., 2007; Be-
reiter et al., 2015???????????????????
?????????Channell and Kleiven, 2000; Hodell et 
al., 2008; Valet et al., 2014??????????????
???????LR04??Lisiecki and Raymo, 2005????
??????Elderﬁeld et al., 2012????? bipolar see-
saw model?????????????????????
????Barker et al., 2011????????Fig.7?????
? Termination IX??????MIS19????MIS18
???????????????????????????
???Valle di Manche??????????????
?Capraro et al., 2017????????? Sulmona???
????????????????????Giaccio et al., 
2015?????????????? Termination IX???
?????????M–B????????????????
???Sulmona??M–B??????????????
???????????Evans and Muxworthy, 2018??
Valle di Manche?????????M–B??????
???????????????????????Montal-
bano Jonico???????????????Simon et al., 
2017????????????????MIS19?????
?????????Fig. 7??
???MIS19?????????????????
?MIS1??????????????????CbCS??
MIS19???????????????????????
?????????M–B???????????????
???????????????????????????
Fig. ?. Chronostratigraphic and stratigraphic features observed in the Chiba composite section: Clearly recognized geomag-
netic polarity reversal (Matuyama–Brunhes boundary), high-resolution δ18O stratigraphy from benthic and planktonic fora-
minifera, paleoceanographic and paleoclimatic changes reconstructed by marine microfossils and pollen records. Schematic 
pictures of analyzed fossils are shown. SST: sea-surface temperature. The LR04 benthic stack (Lisiecki and Raymo, 2005) 
and the eustatic curve of Elderﬁeld et al. (2012) are shown for comparison.
16 ??????? GSSP????? 2019?1
Fig. ?. Paleoclimatic and paleoceano-
graphic changes through MIS 19. (a) 
65°N insolation in June (red), and pre-
cession parameter (gray) and obliquity 
(black)(Laskar et al., 2004). (b) Deute-
rium isotope (purple)(Augustin et al., 
2004), and temperature change (red)
(DTs) (Jouzel et al., 2007) from deute-
rium content, and CO2 concentration 
(yellowish green)(Bereiter et al., 2015) 
records of the European Project for Ice 
Coring in Antarctica (EPICA) Dome C 
ice core. (c) LR04 benthic stack (gray)
(Lisiecki and Raymo, 2005) and sea 
level proxy (blue)(Elderfield et al., 
2012). (d) Benthic δ18O record from 
the Montalbano Jonico section, Italy 
(light blue)(Simon et al., 2017). (e) 
Oxygen isotope (δ18O) stratigraphy 
from the Sulmona lake sediments, cen-
tral ltaly (brown) (Giaccio et al., 
2015). (f) δ18O records of Ocean Drill-
ing Program (ODP) Site 983 (red/blue)
(Channell and Kleiven, 2000) and In-
tegrated Ocean Drilling Program 
(IODP) Site 1308 (light blue)(Hodell 
et al., 2008) from the North Atlantic. 
(g) δ18O records from the Indian Ocean 
(red)(Valet et al., 2014). (h) A synthet-
ic record of Greenland climate vari-
ability (δ18O) based on the thermal bi-
polar seesaw model (purple)(Barker et 
al., 2011). (i) δ18O stratigraphy of ben-
thic and planktonic foraminifera with 
the broadleaved pollen percentage 
(yellow shade) from the Chiba com-
posite section (Suganuma et al., 2018). 
Red/blue lines are from the Yanagawa, 
Urajiro, and Kokusabata sections (1.0 
m spacing), and orange and light blue 
lines are from the Yoro River and 
Yoro-Tabuchi sections (0.2 and 1.0 m 
spacing). Possible location of the 
Younger Dryas-type cooling event is 
shown by a blue arrow. Ages of each 
data are based on each studies. Modi-
ﬁed from Suganuma et al. (2018).
????125? 1 ? ??????????–??????? GSSP????? 17
???????
? ?
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????????????CbCS?????????????
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????????CbCS?????????????
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kyr???????Suganuma et al., 2018??
?2? ????????????????????????
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